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INTRODUCT ION

Purgose R

The purpose of this project was to obtain, through full-scale fire
tests on a small fuselage-mounted turbojet engine and nacelle instal=-
lation, general design criteria which would enhance in-flight fire safety
of this and similar installations. The scope of the project encompassed
the determination of flammable fluid ignition hazards on engine hot
surfaces, flame paths, fire detection, fire extinguishment, and fire
resistance aspects of the installation.

Background

The program was originated at the request of the Federal Aviation
Administration's Flight Standards Service, through the Aircraft Develop-
ment Service. Uninterrupted testing began July 1, 1967, and was
completed June 30, 1968,

Description of Equipment

The National Aviation Facilities Experimental Center's (NAFEC)
Five~Foot Fire Test Facility was utilized for the full-scale test work.
This facility had a 20-foot-long by 5-foot-diameter cylindrical test
section. Airflow through the test section was induced by ejector pump=-
ing of two Pratt and Whitney J-57 turbojet engines whose exhausts were
directed into a mixing section downstream of the test section. The
test facility is shown in Figure 1.

The test article was the left inboard fuselage-mounted engine and
nacelle of the Lockheed C~140 (Jet Star) airplane. This installation
was normally a twin-engine siamese nacelle; however, limitation of the
fire test facility's test section size necessitated cutting off the
outboard portion of the siamese nacelle and installing only the inboard
portion with its engine in the test section.

Each nacelle was divided into two fire zones by a vertical trans-
verse stainless steel fire seal at Nacelle Station 117 (the main engine
mount location in the nacelle was designated as Nacelle Station 100).
Part of this fire seal was attached to the engine and consisted of an
engine combustor shroud which extended aft 12.5 inches to the vertical
section., The vertical section was mated with a vertical firewall collar
built into the nacelle and was sealed by means of a fire-resistant tad-
pole tape compression seal, Also, for each twin-engine pod there were
two vertical stainless steel firewalls extending longitudinally the
length of Fire Zones I and II. One was on the inboard side of the nacelle
isolating the pylon and fuselage from the nacelle fire zones, and the
other was on the outboard side of the inboard nacelle isolating the
outboard nacelle fire zone areas from the inboard nacelle areas.
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Zone I, with a 10.0-cubic-foot free volume, encompassed the aft
portion of the engine including the combustor, turbine, and tailpipe
sections. Zone 11, with a 12.6~cubic~foot free volume, encompassed the
engine compressor and accessory sectiomns. .

A continuous-type fire detection system was provided for Zone 1I,
and a separate continuous-type overheat detection system was provided for
Zone I of each nacelle. The powerplant fire-extinguishing system
provided extinguishment capability for Zone II of each nacelle only.
Isolation of flammable fluid systems from the hot section of the engine
(Zone I) by a vertical fire seal was a design feature of each nacelle.

?

Airflow into Zone II was provided by four 7/16-inch ID ram air
tubes for cooling specific engine parts such as ignitor transformers and
the main engine mounts. The outlet from Zone LI for both ram air and
engine bleed air (dumped into Zone II at and below approximately 81 per-
cent of rated rpm (N3) as observed during test operating conditions) was
a louvered access panel located in the top aft portion of the zone. A
captive air-cooling system was provided for cooling the starter/generator
unit in Zone II. Cooling air was taken from the compressor inlet, ducted
to a housing encasing the starter/generator, then ducted overboard.
Cooling airflow to Zone I was provided through a 5.5-square-inch ram air
duct located at Station 117, 5 o'clock position on the Zone I main access
door. Air moving through this duct was directed onto the engine turbine
case and expelled around the periphery of the engine exhaust nozzle
assisted by ejector pumping action of the engine exhaust. A small
spring-loaded flush air inlet door located just aft of the firewall on
the inboard upper portion of Zone I was also provided for ventilation of
this zonme. This door was closed and sealed during this test program.
The general features of the nacelle are shown in Figure 2.

The test engine was a Pratt and Whitney JT-12A-6 rated at 3,000
pounds maximum thrust. This turbojet engine has a nine-stage axial flow
compressor and a two-stage axial flow turbine. It has interstage bleed
ports at the fourth compressor stage which prevent compressor stall
during engine acceleration. These ports were open from engine start to
approximately N; = 81 percent rated rpm. Also, bleed air was supplied
from the compressor ninth stage through a closed duct system for engine
and nacelle inlet anti-icing and for fuselage pressurization.

The engine controls, fire detection indicators, extinguishing
system controls, fuel-to-fire and ignitor controls as well as data
collection equipment were centrally loca‘ed in a test control room
adjacent to the test section. A listing of the instrumentation used to
monitor and record test data is provided in Table 1.
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DISCUSSION

Hot-Surface Ignition Hazard »

The hazard of igniting jet engine fuels and aircraft hydraulic
fluids on the surfaces of an operating engine was investigated., The
investigation was limited to two jet engine fuels (JP=4 and Jet A-1) and
one hydraulic fluid (Military Specification 5606) in Zones II and I, with
the normally configured Zones II and I, and one fuel (Jet A-1) in Zone I
with a modified Zone I configuration. The fuel was heated and released
as a’spray at two locations in both Zonme II and Zone I of the nacelle.
Figure 3 shows these fuel release locations and contains a description of
each release location. The fuel spray was directed so as to impinge on
the engine diffuser case just ahead of the combustor section in Zone II
and on the turbine outlet case in Zone I. These were areas where maximum
engine surface temperatures were known to exist in each zone.

The test procedure for each test was essentially the same. The
test engine was operated at military rated thrust (MRT), and the test
facility airflow was adjusted to the desired Mach number. When all
temperatures (engine case and ambient air temperature within the fire
zone) were stabilized, fuel was released on the engine case for 2 to
3 minutes followed by engine speed reduction to idle. Fuel release was
continued for 1 minute after power reduction to idle to investigate the
possibility of hot-surface ignition during or after this transient power
operation. Other tests were conducted in which the procedure was changed
to include power reduction from MRT to a cruise setting for 1 minute,
followed by a power increase to MRT for 1 minute, and finally a reduction
in power to idle for 30 seconds before shutdown. Fuel release was
continued throughout this procedure.

Figure 4 shows the engine operation and fuel release schedules for
the hot-surface ignition tests.

Table 2 provides the environmental conditions and results of all
hot-surface ignition tests conducted in Zones II and I of the normal
nacelle configuration. Table 3 provides the environmental conditions and
results of all hot-surface ignition tests conducted in Zone I when the
normal configuration of Zone I was changed by reducing the size of the
ram air inlet to this zone. Table 4 provides the environmental conditions
and results of hot-surface ignition tests conducted in Zone I when the
ram air inlet to this zone was closed completely.

Table 2 shows that there was no ignition of the flammable fluids
(JP-4, Jet A-1, and Military Specification 5606 Hydraulic Fluid) released
in Zones II and I, when the normal nacelle configuration was maintained.
During the tests in which the flammable fluids were released in Zone II
(the forward engine compartmemt), excess fuel was observed to leak out at
the aft mating surface of the main access door to Zone II, run along
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Nozzle Location:
2- Zone II, Nacelle Sta. 102.5, 7 o'clock; directed to spray fuel on the diffuser case at 9 o'clock
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Nozzle Location:
1- Zone II, Nacelle Sta, 100, 4 o'clock; directed to spray fuel on the diffuser case at 3 o'clock
4~ Zone I, Nacelle Sta. 128.5, 3:30 o'clock; directed to spray fuel on turbine case at 3 o'clock
4A~ Same as 4 except that nozzle was directed to spray fuel on exhaust case at 3 o'clock 3" aft
of turbine case
4B~ Same as 4 except that nozzle was directed to spray fuel on horizontal centerline at the mat-
ing flange of the exhaust and tailpipe case

FIG. 3 FUEL RELEASE LOCATIONS FOR HOT-SURFACE IGNITION TESTS



SCHEDULE I

_NACELLE AIR TEMPERATURES
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SCHEDULE II
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FIG, 4

TEST ENGINE POWER AND FUEL RELEASE SCHEDULES FOR
HOT-SURFACE IGNITION TESTS
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lower outside surface of Zone I and enter Zone I through the 5,5-square-
inch secondary air inlet to this zone. An inspection of Zone I after a
test in which hydraulic fluid was released,in Zone II, indicated that the
excess fluid which entered Zone I through the air inlet impinged directly
on the turbine outlet case, the hottest surface area in Zone I. However,
there was no occasion where this caused ignition of the fuel. An inspec-
tion of Zome II, after each test, revealed that the fluid did not
completely drain out of the zone and puddled in the lower aft portion of
the main access door.

Table 3 shows that hot-surface ignition of Jet A-1 fuel released on
the turbine outlet in Zone I did not occur when the secondary air inlet
to Zone I was reduced to 2.75, 1.35, and .65 square inches. Table 4
shows that hot-surface ignition of Jet A-1 fuel released on the turbine
outlet surface occurred under steady-state operating conditions and under
transient operating conditions when the ram air inlet to Zone I was
completely blocked off. 1In many cases an attempt to repeat the ignition
under similar conditions was unsuccessful. On two occasions hot-surface
ignition of released Jet A~1 fuel occurred soon after the fuel flow was
initiated. Investigation of the fuel nozzle position after these tests
indicated the nozzle which was originally directed toward the turbine
outlet case had siipped so that the fuel spray was directed toward the
heat blanket which covered the turbine exhaust case aft of the turbine
outlet case. Therefore, it was surmized that this hot-surface ignition
of the sprayed fuel was caused by the leaking of fuel on the exhaust case
underneath the blanket.

Hot-surface ignition resulted in overpressures of 0.5 to 4.5 psi in
Zone 1 of the nacelle. Damage to Zone I due to these overpressures was
small., Camera coverage of these tests and inspection of the instal=-
lation after ignitions showed that overpressures were relieved through
(1) the closed-off ram air inlet to Zone I, (2) two pressure relief panels
which were fabricated for the bottom access door, (3) the mating surfaces

‘of this access door and a top access panel, and (4) the opening between

the engine tailpipe and the nacelle. Slight deformation of the access
panel and door between the camlock-type fasteners occurred during these
tests.,

Fire Detection and Fire Paths

The fire detection aspects in this powerplant installation were
investigated looking towards general ways improvements could be made that
would be applicable to similar installations.

The continuous~-type fire detection system in nacelle fire Zone II
and the separate overheat continuous system in Zone I are shown in
Figure 5. 1In the aircraft, a single warning light for the two systems in
each nacelle is provided in the cockpit. A steady warning light indicates
a fire in Zone II, and an intermittent light indicates an overheat situa-
tion in Zone I. However, as part of the test setup a separate warning
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TABLE 5

SUMMARY OF FIRE DETECTION TESTS IN ZONE II

Test Zone 11 Fire Zone I Over-
Engine Facility(4) Fire(l) Detector heat Detector Fire
Test Power Mach No., Location Alarm Time Alarm Time . Duration
(sec.) (sec.) (sec.)

FUEL FLOW TO FIRE - 0.3 GPM

1 T.O. 0.5 5 4.2 6.2 12.5
2 T.O. 0.5 6 3.1 3.2 8.2
3 T.O. 0.5 7 3.7 | 7.3
4 T.O. 0.5 8 2.3 11.4
5 T.O. 0.5 9 7.9 12.3
6 Cruise 0.5 5 4.3 5.7 8.3
7 Cruise 0.45 5 4.9 6.5 8.6
8 Cruise 0.5 6 3.5 3.0 7.4
9 Cruise 0.45 6 3.1 3.3 6.7
10. Cruise 0.5 7 3.7 8.9
11 Cruise 0.45 7 1.7 4.2
12 Cruise 0.5 8 2.3 11.4
13 Cruise 0.45 8 2.7 7.1
14 Cruise 0.5 9 No alarm 8.5
15 Cruise 0.46 9 No alarm 5.8
16 Cruise 0.5 7A 3.2 9.2
17 Cruise | 0.5 9A 3.1 9.1
(2)
18 Nq= 78% rpm 0.5 5 2.8 3.8 8.0
19 Ny= 78% SﬁL 0.32 5 2.6 3.7 6.6
20 Ny= 78% (rzp?m 0.5 6 3.8 3.1 _ 7.3
21 Np= 78% gﬁiﬂ 0.3 6 No alarm 5.3 8.0
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